Research suggests that first-degree relatives and individuals with schizophrenia spectrum personality disorders (SSPD) may represent nonpenetrant carriers of the genetic diathesis for schizophrenia. This study examined visuospatial working memory (SWM) as a cognitive endophenotype of schizophrenia by expanding the concept of risk for pathophysiological dysfunction beyond overt psychosis. Risk was thus defined by familial status and the presence or absence of SSPD. SWM was assessed in the following groups, in order of decreasing likelihood of genetic vulnerability: 23 patients with schizophrenia, 17 SSPD relatives of patients with schizophrenia, 23 non-SSPD relatives of patients with schizophrenia, 14 SSPD community members with no family history of psychosis, and 36 non-SSPD community members. SWM performance during a computer task was quantified by A-Prime. Relative risk ratios for SWM deficits were compared among the groups. Compared with community non-SSPD volunteers, relative risk (RR) of SWM deficits was significantly elevated in patients with schizophrenia (RR = 3.76, p = .002) and SSPD family members (RR = 2.97, p = .027), but not in the family non-SSPD (RR = 1.88, p = .241) or community SSPD (RR = 1.03, p = .971) groups. The pattern of SWM performance deficits reflected the proposed model of latent genetic liability, upholding SWM as a viable cognitive endophenotype. The results underscore the importance of including both familial liability and the schizophrenia spectrum when considering risk for schizophrenia and schizophrenia-related traits. This is particularly relevant for research efforts to identify pathophysiological components of the disease.
Introduction
Schizophrenia is known to be a genetic illness, although the identification of disease susceptibility genes has proven difficult. Findings from family and genetics studies suggest a polygenetic mode of inheritance, whereby multiple genes, each of small effect, combine and contribute to the clinical expression of the disorder. 1 Furthermore, the expression of each disease susceptibility gene may depend on specific environmental conditions. As a result of the multifactorial etiology of the illness, possession of a genetic liability for schizophrenia does not conform to the expression of a homogeneous phenotype. However, pathophysiological processes that are more proximal descriptors of simple gene effects may be identified and measured. 2 The effort to identify endophenotypic markers of schizophrenia thus aims to elucidate discrete components of the genetic diathesis for the disease.
The characterization of neurobiological traits associated with vulnerability for schizophrenia has extended to the cognitive domain. Spatial working memory (SWM) impairments have been well documented in schizophrenia 3 and have been pinpointed as a possible locus of dysfunction in the pathophysiology of the disease. 4 Furthermore, Park et al. 5 have demonstrated that patients with schizophrenia, as well as a significant number of their unaffected relatives, show impaired performance (i.e., reduced accuracy, numerous uncorrected errors) on a spatial delayed response task when compared with normal controls. These findings implicate a genetically mediated dysfunction in the ability to hold spatial representations ''online.'' Consistent with evidence linking SWM deficits and genetic risk for schizophrenia, Cannon et al. 6 investigated SWM function among monozygotic (MZ) and dizygotic (DZ) twin pairs discordant for schizophrenia and reported a significant effect of genetic predisposition on performance on the spatial span task of the Wechsler Memory Scale Revised. Evidence thus suggests the presence of a measurable cognitive processing disturbance among carriers of the genetic vulnerability for schizophrenia, even in the absence of overt symptomatology or schizophrenia diagnosis. Glahn et al. 7 replicated the results of the Cannon et al. 6 twin study, reporting poorer SWM performance on a spatial delayed response task with increasing genetic liability for schizophrenia. These results support and extend the findings of Park et al. 5 Taken together, these studies suggest that the ability to maintain spatial representations online decreases in a dose-dependent fashion with increasing genetic predisposition toward schizophrenia.
Previous research implicating SWM dysfunction as a cognitive endophenotype has primarily focused on familial transmission of risk. Due to the variability in the genetic liability for schizophrenia, individuals with schizophrenia spectrum personality disorders (SSPD) may be nonpenetrant carriers of the genetic diathesis, 8 and SSPD may therefore represent an intermediate clinical phenotype of schizophrenia. Family studies of schizophrenic probands strongly suggest a degree of genetic overlap between risk for SSPD and schizophrenia, indicating elevated prevalence of schizophrenia-related personality disorders in first-degree relatives of schizophrenic patients. [9] [10] [11] [12] [13] Studies showing increased risk of schizophrenia in families of SSPD probands further support the idea that the 2 disorders share a genetic, or at least a familial, etiology. 14 Accordingly, similarities in neurocognitive deficits, including impairments in attention, [15] [16] [17] [18] information processing, 19 and eye tracking performance, [20] [21] [22] observed among patients with schizophrenia and individuals with SSPD, may be consistent with a shared genetic etiology.
Prior studies of SSPD have also demonstrated cognitive impairment specific to working memory. Psychometric high-risk paradigms provide a method to assess the relationship between schizotypy and working memory deficits. Among normal students selected for schizotypy, high scores on the Perceptual Aberration Scale have been associated with selective impairment on a spatial memory delayed response task, 23 while normal performance on measures of verbal recall memory and auditory working memory have been observed. 24 In addition, spatial working memory impairment has been demonstrated in studies utilizing social anhedonia to identify psychometric high-risk groups. 25, 26 Visual memory impairment has also been demonstrated among those with clinically diagnosed schizotypal personality disorder relative to healthy controls. 27 Moreover, diagnostic specificity of visuospatial working memory impairment has been confirmed in some studies of schizotypal personality disorder relative to non-schizophrenia-related personality disordered psychiatric groups. 28, 29 However, visuospatial working memory deficits, relative to healthy normal and other personality disordered control groups, has not been consistently replicated. 30 In contrast to the findings of psychometric high-risk paradigms, 23, 24 the findings of Mitropoulou and colleagues 29 suggest that auditory working memory may better account for group differences than other specific working memory functions. These findings can also be interpreted more broadly with respect to those of Barch and colleagues, 31 in that schizotypal personality disorder-related working memory impairment may be considered an impairment in the ability to maintain context online. Thus, in both psychometrically and clinically identified populations, working memory deficits generally appear to be associated with the schizophrenia spectrum.
However, the schizophrenia-SSPD etiologic link is not specific. In the absence of a clear family history of schizophrenia, SSPD traits are thought to be heterogeneous in their origins. 8, [32] [33] [34] For example, relatives of probands with several other major psychiatric illnesses, including Fragile X syndrome, show higher rates of SSPD than are observed in the general population. With respect to research design, psychometrically defined groups likely represent an admixture of true schizotypes and individuals reporting experiences that may be associated with other psychopathologic or organic conditions. Likewise, although the genetic link between clinical cases of schizotypal personality disorder and schizophrenia is assumed, studies are inconsistent in reporting on family history of schizophrenia spectrum-related psychopathology within clinical groups. Therefore, the interpretation of cognitive findings in schizophrenia spectrum cases is unclear. Cognitive impairment might reflect either genetic effects relevant for schizophrenia or different genetic or environmental factors that yield overlapping clinical phenotypes.
Thus, in investigating endophenotypic markers of genetic liability for schizophrenia, individuals with SSPD without a family history of schizophrenia may provide an important comparison group. Individuals with SSPD without a clear family history present with similar phenotypes (ie, schizophrenia-like symptoms), although the etiologic link to schizophrenia is not necessarily specific and may be traced to dissimilar genetic or other etiological factors. Therefore, the study of individuals with SSPD in the presence or absence of a family history of schizophrenia provides a unique opportunity to identify mechanisms of pathophysiological dysfunction, particularly in distinguishing those that are associated with genetic liability.
Given prior evidence suggesting a relationship between SWM impairment and genetic predisposition toward schizophrenia, this study proposed to investigate SWM as a cognitive endophenotype more systematically by expanding the definition of risk for schizophrenia. Participants in this study included, in order of decreasing likelihood of genetic carrier status, (1) patients with schizophrenia, (2) first-degree relatives of schizophrenia probands with SSPD traits, (3) first-degree relatives of schizophrenia probands without SSPD traits, (4) individuals with SSPD traits in the absence of family history of psychotic illness, and (5) individuals without SSPD traits in the absence of family history of psychotic illness. We hypothesized that performance on a spatial working memory task would decrease as the probability of genetic liability for schizophrenia increased.
Assessing Risk for Pathophysiological Dysfunction

Methods
Participants
Patients with schizophrenia (N = 23) were recruited from inpatient and outpatient programs at the Maryland Psychiatric Research Center. Diagnoses of MPRC patients were confirmed using the Structured Clinical Interview for DSM-IV (SCID-IV), 35 clinical history, and patient and family interviews to support a best estimate diagnosis by a trained clinician. First-degree relatives of patients (family SSPD, N = 17; family normal, N = 23) were family members of individuals with schizophrenia who receive their care at the MPRC. Patients with schizophrenia and their first-degree relatives were not, however, recruited for this study as family units. Although 3 patients with schizophrenia in this sample each had 2 nonpatient family members who also participated, participants in this study were not otherwise related to each other. Relatives were recruited through mail and phone solicitations. Community volunteers from the Baltimore/ Washington, DC area were recruited through newspaper advertisements (community normal, N = 36). In order to recruit community volunteers with SSPD symptoms (N = 14), 1 set of advertisements sought individuals who had experienced magical thinking or perceptual distortions (eg, ESP, telepathy, out of body experiences), as well as social isolation or lack of social drive (these methods are described in more detail elsewhere 36 ). All participants gave written informed consent, and data collection procedures were approved by the University of Maryland-Baltimore institutional review board.
Clinical Assessments
The Structured Clinical Interview for DSM-IV (SCID-IV) 35 was used to obtain Axis I diagnoses. Community and family participants with a current or lifetime Axis I diagnosis (except those with a single past episode of depression or those with a history of substance abuse ending at least 6 months prior to the study) were excluded. Among the community volunteers, family history of psychotic illness was determined by a modified version of Family History Research Diagnostic Criteria (FH-RDC). 37, 38 The Structured Interview for DSM-IV Per-sonality Disorder (SIDP) 39 was used to examine SSPD symptoms. Questions concerning magical thinking and perceptual distortions from the Structured Interview for Schizotypy 40 were added to the SIDP. Negative symptoms were further probed using the Schedule for Deficit Syndrome (SDS). 41 The threshold to determine the presence of a particular symptom was lower than is generally used in clinical practice, such that a symptom ''definitely present in the absence of functional impairment or distress'' was rated as present. Subjects were assigned to SSPD groups according to modified DSM-IV criteria (ie, 3 or more paranoid traits, 3 or more schizoid traits, or 4 or more schizotypal traits). Thresholds for SSPD were lowered to match the design of previous studies. 21, 42, 43 Individuals without SSPD symptoms but with other personality disorders were excluded.
On the basis of these assessments, participants were grouped according to family status (family versus community) and the presence or absence of SSPD. Thus, the community control group (N = 36) was determined on the basis of the lack of family history of psychotic disorder and absence of SSPD. The community spectrum group (N = 14) was defined by the absence of family history and presence of SSPD. The family spectrum group (N = 17) and family normal group (N = 23) were selected on the basis of their first-degree relative status and the presence or absence of SSPD, respectively. Family participants, on average, tended to be older than the community participants. The patient group had received fewer years of education than participants in the other groups. Groups did not differ on race or gender.
Task Stimuli
Spatial working memory was assessed using a computerized task based on the work by Jonides et al. 44 Three target dots appeared on the circumference of an imaginary circle 14 degrees in diameter centered on the cross. Target dots were spread along the 360 degrees of the circle in varying degrees clockwise ( Figure 1 ). There were 12 possible target dot location ''spread'' types, which describe the number of degrees separating each of the 3 target dots from each other. Spread types consisted of combinations of 15, 50, 100, and 150 degrees of separation between target dots. For each trial, the ring cue was centered directly over the location of a previous dot (hit) or was located 15 (near), 20 (middle), or 25 (far) degrees away from the location of a previous dot (lure). There were 40 total possible trial types determined by combinations of spread type and hit versus lure conditions. Each trial type was presented once per block for a total of 40 trials per block.
Task Procedure
Subjects were seated comfortably in front of a computer monitor. The task began with the subject fixating on a cross in the center of a black screen for 500 ms. Three white dots were presented for 200 ms, followed by a 3000 ms retention interval during which only the cross was seen. The subject was then probed for spatial location memory by the appearance of a single white ring that either encircled the location of 1 of the previous dots (with a probability of 0.5) or did not. The probe ring was presented for 3000 ms, during which time the subject pressed 1 keyboard button (enter) to answer ''yes'' that a dot had been present in that location (hit) or pressed another keyboard button (spacebar) to answer ''no'' that a dot had not been present in that location (lure). Subjects completed a total of 3 blocks with 40 trials per block. The 3 blocks differed in the order of trial presentation, but block and trial order were identical across subjects.
Data Collection
Reaction time was recorded if a response was made during the 3000 ms period in which the probe ring was presented. Correct hits, correct rejections, and nonresponses were recorded for each trial. Because the available response window of 3000 ms extended beyond the range where concerns over slowing of reaction time could impact performance, nonresponses were coded as errors; preliminary analyses revealed that the number of nonresponses was highly correlated with overall accuracy. A correct hit (H) was defined by a ''yes'' response to a ring cue that encircled the location of a previous dot. A correct rejection was defined by a ''no'' response to a ring cue that did not encircle the location of a previous dot. False alarms (F) were calculated as a ''yes'' response to a ring cue that was located at a distance (ie, near, middle, far) from the location of a target dot. The rates of correct hits and false alarms were used to calculate a measure of discriminability, A-prime (A#), that is widely used in signal detection experiments. A# scores were calculated using the formulae: 2). 45 Extreme values of H or F were adjusted by replacing zero values with 0.5/n and values of 1.0 with (n ÿ 0.5)/n, where n is the number of trials. A-prime values were obtained for each of the ''near,'' ''middle,'' and ''far'' lure types.
Statistical Analyses
Preliminary analyses determined the effect of ring cue location, as a measure of level of difficulty, across lure trials. Repeated measures analysis of variance (ANOVA) showed no group 3 location interaction (F = 0.660). Thus the near, middle, and far ring cue location conditions were collapsed, and a mean A-prime value was calculated for each participant. Sociodemographic variables were compared using ANOVA and chi-square tests. Additionally, ANOVA and post-hoc Scheffé tests were used to compare the mean number of clinical traits (paranoid, schizoid, schizotypal) between groups. Primary analyses included group comparisons of A-prime using univariate ANOVA and preplanned contrasts, followed by calculation of effect sizes for A-prime. Calculation of relative risk ratios, which is typically utilized to quantify familial similarity, 46 was employed to estimate genetic liability to deficits in spatial working memory. Relative risk ratios for each group were defined by the percentage of participants ''affected'' by spatial working memory deficits relative to the percentage of affected community controls. An A-prime value of at least 1 standard deviation below the mean of the community normal group defined the cutoff for ''affected'' status. (Table 1 ) demonstrated a significant difference between groups for age (F = 8.405, p < .001) and years of education (F = 4.956, p = .001) but nonsignificant differences between groups on sex (v 2 = 8.04, p = .09) and race (v 2 = 4.482, p = .811). Due to significant differences in age and education, their influence on task performance was further examined. When age and years of education were added as covariates, no significant effects emerged for age (F = 0.513, p = .476), age 3 group interaction (F = 2.02, p = .097), years of education (F = 1.685, p = .197), or education 3 group interaction (F = 0.829, p = .510); adding these variables had little effect on estimates or p-values for the main effect of group. In light of the relatively older age of the family participants, we further tested the association between age and performance. Correlations between age and A-prime were not statistically significant in either the family spectrum group (r = ÿ0.30, p = .24) or family normal group (r = 0.32, p = .88), nor was there a significant correlation in the community spectrum group (r = ÿ0.01, p = .67). The association was only significant in the community normal group (r = ÿ0.43, p = .009). Although the family participants appeared to be older than the other groups, age did not appear to systematically or significantly influence performance in either family group. Subsequent analyses were performed without consideration to the effects of age or years of education on group performance.
Results
Comparison of sociodemographic variables
Mean number of paranoid, schizoid, and schizotypal traits expressed (Table 2 ) differed among the 4 groups (overall ANOVA F = 10.36, p < .001; F = 31.51, p < .001; F = 49.85, p < .001, respectively). Post-hoc Scheffé tests indicated that family and community spectrum groups did not significantly differ on the mean number of clinical traits; neither did family and community normal groups. However, community and family normal groups exhibited significantly fewer symptom traits than both spectrum groups (all comparisons p < .05). The sum total of SSPD traits expressed was examined in a correlational analysis with respect to A-prime for each group. No significant relationships were found between the number of traits of expressed and A-prime for any group; correlations ranged in magnitude from 0.122 to 0.174.
A-prime on the SWM task was significantly different in univariate analysis (F = 3.362, p = .012) for community normals, family normals, community spectrum and family spectrum groups, and patients with schizophrenia. Patients with schizophrenia performed more poorly on the spatial working memory task compared with community controls (p = .001). Mean A-prime values are presented in Table 3 .
Mean performance of the family normal and community normal groups was virtually identical (A# = 0.81 versus 0.82, respectively). Family and community SSPD groups were intermediate between the normal groups and schizophrenia patients; their differences from com-munity normals were not statistically significant. Cohen's d was used as a measure of effect size for group differences compared to community normals; effect size estimates were large for patients (0.94), medium for the family SSPD group (0.52) and community SSPD group (0.37), and very small for the family normal group (0.13). Although the community spectrum group performed, on average, more poorly than the family normal group, further examination of the distributions in A-prime values demonstrates that few community spectrum participants actually performed below the mean of the community normal group (Figure 2) . In fact, means for both the community and family SSPD groups were heavily influenced by a few outliers with very low A-prime values.
The distribution of A-prime in all groups was nonnormal, with varying degrees of skew toward small values ( Figure 2 ). Thus, simple comparison of means does not adequately capture the variation in the extent to which groups demonstrated impaired (> 1 SD below the community normal mean) or profoundly impaired (> 2 SD below the community normal mean) performance on the SWM task. Accordingly, comparisons between groups focused on the percentages of participants with impaired SWM performance, as reflected in the relative risk analysis.
The proportion of participants in each group demonstrating impaired performance on the SWM task and the corresponding relative risk ratios are presented in Table  3 . Relative risk ratios were calculated based on A-prime (14) 38.29 (9.81) 14.86 (2.07) 9:5 9:2:3 a ANOVA revealed a significant difference in the ages of the groups (F = 8.405, p < .001). There was no group 3 age interaction on task performance (F = 2.02, p = .097), and age was not significant as a covariate (F = 0.513, p = .476). b ANOVA revealed a significant difference in years of education (F = 4.956, p = .001). There was no group 3 years of education interaction on task performance (F = 0.829, p = .510), and years of education was not significant as a covariate (F = 1.685, p = .197). c Chi-square test revealed no significant differences in the proportion of males and females across groups (v 2 = 8.04, p = .09). d Chi-square test revealed no significant differences in the proportion of Caucasian, African American, or ''other'' participants (v 2 = 4.482, p = .811). (3.76 ; v 2 = 10.03, p = .002), while family SSPD participants demonstrated moderate risk (2.97; v 2 = 4.91, p = .027). Family members without SSPD exhibited higher relative risk (1.88) than the community members diagnosed with SSPD (1.03), although these ratios were not significantly different from the healthy community group (v 2 = 1.38, p = . 24 and v 2 = 0.001, p = .97, respectively). Comparisons of percentage with impaired SWM performance between family spectrum, family normal, and community spectrum groups were not statistically significant (all comparisons, p > .05).
Discussion
This study examined spatial working memory impairment as a function of increasing probability of genetic liability for schizophrenia. Genetic liability was defined Note: RR = relative risk (compared to community normal) of impaired SWM score (> 1 SD below normal mean). In pairwise comparisons of the percentage with impaired SWM scores among other groups, community spectrum participants had significantly fewer than schizophrenia patients (v 2 = 5.31, p = .021), and family normal participants had marginally fewer than patients with schizophrenia (v 2 = 3.29, p = .070). Comparisons of percentage with impaired SWM between family spectrum versus community spectrum (p = .10), family normal versus community spectrum participants (p = .40), and family normal versus family spectrum participants (p = .31) were not statistically significant. primarily by familial transmission of risk and secondarily by the presence of schizophrenia spectrum personality symptoms. As expected, the greatest spatial working memory deficits were observed in patients with schizophrenia. The schizophrenia and family spectrum groups both demonstrated large to medium effect sizes for impaired task performance, as well as significantly elevated relative risk ratios for group membership based on poorer spatial working memory performance, compared with community controls. In a study of similar design, Avila and colleagues 47 corroborated these findings, demonstrating cognitive deficits in attention and working memory among relatives of schizophrenia patients who exhibited SSPD symptoms. Similarly, other research has shown that SSPD symptomatology is related to deficits in neurocognitive functioning only in the presence of a family history. Johnson et al. 48 demonstrated that performance on measures tapping verbal and visual memory, sustained and divided attention, and executive functioning was influenced by symptoms of schizotypy in the co-twins of schizophrenic patients, but that schizotypy symptoms in the absence of a family history were unrelated to neurocognitive impairment. Taken altogether, these results support the assumption that first-degree family members with schizophrenia spectrum traits, as a group, represent the highest genetic loading for diseaserelated traits (without an Axis I diagnosis); the present study suggests that cognitive impairments, such as in spatial working memory, are among those traits. We expected that family members, even in the absence of overt symptomatology, would demonstrate poorer cognitive performance due to the heritability of schizophreniarelated cognitive impairments. However, neither this study nor Avila et al. 47 found statistically significant impairments among relatives without schizophrenia spectrum traits. It is important to note that the threshold utilized for SSPD diagnoses in this and the study by Avila and colleagues is much lower than required by DSM-IV. Thus, the family normal group likely contains relatives with significantly fewer schizophrenia spectrum traits than those relatives found in other family samples, as even those with mild SSPD symptoms were categorized in the family SSPD group. Despite these nonsignificant results, the relative risk ratios for the family spectrum, family normal, and community spectrum groups were ordered according to our prediction, based on their relative probabilities of carrying a genetic liability. In this study 26% of the family normal group demonstrated impaired performance, compared with 14% of the community spectrum group and 14% of the community normal group. Furthermore, our relative risk ratio of 1.88 for normal family members is similar to the relative risk of 2.10 for deficits in attention reported by Egan et al., 46 using the same 1 SD criterion. Yet, in their analysis, Egan and colleagues utilized a selective group of family members, including only those relatives whose affected sib-lings were impaired on a distraction version of a Continuous Performance Test. Similarly, Egan et al. 49 reported increased risk for a full sample of siblings on Wisconsin Card Sorting Test (WCST) perseverative errors (2.17), categories (2.2), and California Verbal Learning Test (2.5), with the greatest relative risk demonstrated for Trails B (4.0). Thus, despite the selective sample of family members whose data are analyzed here, the risk of impairment in SWM demonstrated among healthy relatives appears to be on par with risk for impairment on other cognitive measures (ie, attention, executive function, verbal memory) that are indicated as viable markers of risk for schizophrenia. 50 Although the presence of schizophrenia spectrum symptoms in the absence of a family history appeared to be associated with poorer performance, the relative risk ratios were not significantly elevated compared to the control group. As indicated, only 2 participants out of 14 exhibited deviant performance relative to the community controls. Thus, many individuals expressing schizophrenia spectrum symptomatology in the absence of a family history of psychotic illness are unlikely to exhibit associated neurocognitive deficits; these cases share only the symptomatic aspects of the phenotype. On the other hand, that some community spectrum participants do exhibit specific neurocognitive dysfunction suggests that those individuals may indeed represent those with shared genetic etiology. A significant limitation to the interpretation of these results, however, is that performance may have been a function of the characteristics of the community participants recruited. Individuals with spectrum symptoms were recruited from the community in response to local advertisements, thus introducing the potential for selection bias toward a less functionally impaired group; furthermore, individuals were excluded if they presented with any Axis I or other Axis II diagnosis. In addition, the rate of false-positive schizophrenia spectrum cases among the community members may have been increased by the reduced thresholds for symptom ratings and for diagnostic criteria. Because the mean number of schizophrenia spectrum traits expressed by the community spectrum and family spectrum groups were, however, equivalent while relative differences in spatial working memory performance were observed, the performance of the community spectrum group is more likely associated with the absence of family history than with differences in symptomatology. Nonetheless, sample selection may have contributed to the discrepancy in the level of cognitive impairment found in this versus other community schizophrenia spectrum samples.
Small sample sizes in the current study may have limited the generalizability of the results. That relative risk ratios were broadly consistent with those found in the literature enhances our confidence that our results represent a pattern of impairment in spatial working memory that is significant beyond chance. However, the data indicate that a greater degree of variability exists among our individuals with spectrum characteristics relative to the healthy community controls and nonsymptomatic family members. This suggests that, among those exhibiting spectrum traits, the presence of specific neurocognitive impairment may serve as an additional defining characteristic, differentiating those with greater likelihood of carrying a genetic diathesis for schizophrenia. In this study small sample sizes limited the extent to which patterns of impairment could be investigated within groups. In particular, specific associations between familial relationship (ie, parent, sibling, offspring) or schizophrenia spectrum personality disorder (eg, paranoid, schizoid, schizotypal personality disorder) and neurocognitive function should be further investigated. Thus, due to methodological constraints, the results of the present study are not definitive in determining differential neurocognitive impairment associated with schizophrenia spectrum traits in the presence versus absence of family history. However, the utility of such a distinction is suggested by the data presented herein.
Conclusion
The results of this study indicate a continuum of risk for a schizophrenia-related deficit of spatial working memory, whereby a higher genetic loading for disease-related traits imparts greater cognitive impairment. Our findings support the notion that schizophrenia and schizophreniarelated traits are heterogeneous in their etiology, thus underscoring the importance of expanding the definition of risk to include both familial liability and the schizophrenia spectrum. This research suggests that the power of future family studies will be bolstered by considering the role of symptoms in potentiating physiological impairment, just as studies examining characteristics of SSPD will be enriched by considering assessments of family history. This is a particularly salient consideration for research efforts to identify endophenotypic markers, which serve to inform pathophysiological components of and the genetic diathesis for the disease. We encourage additional research on the relationship between schizophrenia-related personality symptoms and cognitive and neurophysiological functioning. In particular, these findings support future research to consider spatial working memory as a cognitive endophenotypic marker of genetic liability for schizophrenia.
